PRELIMINARY COMMUNICATIONS
Experimental Toxoplasmosis in Chimpanzees C. C. DRAPER, R. KILLICK-KENDRICK, W. M. HUTCHISON, J. CHR. SIIM, P. C. C. GARNHAM British Medical Journal, 1971, 2, 375-378 Summary Two chimpanzees were given by mouth large numbers of viable oocysts of Toxoplasma gondii obtained from the faeces of experimentally infected cats. Before the experiment the first chimpanzee had a positive dye test reaction (1:250), an indication that it had undergone an earlier infection of toxoplasmosis; the serum antibody titres remained unchanged, no evidence of illness was found, and oocysts did not appear in its faeces during the subsequent six weeks. The second chimpanzee showed a negative dye test reaction before infection, and this converted to positive on the 7th day, rose to a peak on the 35th day, and remained high for six months. This animal appeared unwell during the first week, and on the 7th day its blood proved infective to mice; on the 40th day the lymph nodes became enlarged and biopsy specimens of a node and muscle in the 11th week were also infective to mice. No oocysts were passed in the faeces. The presumed cycle in the Introduction Hutchison et al. (1970) elucidated the coccidian nature of Toxoplasma gondii by feeding specific pathogen-free cats with material infected with the cysts of this organism and observing typical stages of a coccidian parasite in the intestinal mucosa and faeces of the animals at various intervals after ingestion of the cysts. This work was confirmed by Sheffield and Melton (1970) and by Frenkel et al. (1970) in the United States, and by other workers in Germany, Holland, and Brazil. In all instances the cat was the experimental host and the infective forms were oocysts of a characteristic isosporan morphology (with two sporocysts each containing four elongated sporozoites).
Though toxoplasmosis is known to be transmitted in various ways, such as by placental passage, contamination of wounds, and consumption of infected uncooked meat, these new observations indicate that the natural biological cycle involves the swallowing of oocysts and the subsequent development of the parasite in the small intestine.
T. gondii is such a common human parasite that it is obviously important to determine the significance of these stages in the life history of the organism in natural infections in man. Though such infections are usually inapparent and rarely accompanied by disease it is clearly unjustifiable to use human volunteers to observe the reaction of man to the ingestion of oocysts. Accordingly, we fed oocysts to two chimpanzees, animals which are well known to exhibit a response to protozoan parasites similar to that shown by man, particularly if they have been previously splenectomized. Only two chimpanzees were available; it would have been better to have used a larger number but this was impracticable because of the high cost of these animals. Nevertheless, the results obtained suggest the sequence of events which may follow the ingestion of toxoplasma oocysts by man.
Our observations were directed to the following points: (1) clinical response, (2) passage of oocysts, (3) recovery of the organism in blood or tissues, (4) serological reaction, and (5) persistence of cysts in organs of animals after a long period (this work will be the subject of a later note.)
Materials and Methods Oocysts of T. gondii were prepared by feeding ti sue cysts of the Beverley strain to specific pathogen-free cats and recovering oocysts from their faeces by flotation (Hutchison, 1967) . No other protozoan parasites were present in the faeces and the viability of the oocysts was checked by intraperitoneal inoculations into white mice. Two immature female chimpanzees about 15 kg in weight were used for the experiments. The older, "Bonnie," had undergone splenectomy one and a half years previously and soon afterwards had had a sporozoiteinduced infection of Plasmodium vivax; about six months previously she had had a blood-induced infection of Plasmodium falciparum. The other chimpanzee, "Justine," had had a splenectomy and a sporozite-induced infection of P. vivax about one year previously. In both animals low parasitaemias from relapses of the P. vivax infections were occasionally seen.
Oocysts were given to the chimpanzees by making a suspension in a milk substitute which was readily drunk. Thereafter all faeces found in their cages were collected every one or two days and were examined for excreted oocysts by flotation. The separations were allowed to stand for two weeks at room temperature and each was examined microscopically for oocysts before being administered to a group of four mice. Each mouse in the group received orally 1 ml of a suspension containing approximately 1/16 of the separated material. After five weeks all mice were killed and their brains were examined for tissue cysts; dye tests were performed on samples of sera.
Several specimens of serum were taken from each chimpanzee before attempted infection and thereafter they were bled at about weekly or, later, fortnightly intervals. The coded sera were stored at -20°C and were later examined for specific antibodies by the dye test of Sabin and Feldman (1948) as standardized by Aargaard (1960) , and by a complement fixation test. Some sera were also examined by an indirect fluorescent antibody test, following in general the method of Kagan and Norman (1970) and using a Nordic rabbit antihuman serum conjugate. All serum titres are given as reciprocals of the dilutions.
Each time the chimpanzees were bled after infection 0 25 ml of whole blood, treated with Sequestrene, was at once inoculated intraperitoneally into each of four mice. These had previously been bled and their serum had been examined by the dye test and found negative; they were kept separately from the chimpanzees. The mice were looked at every few days and the brains of any that were sick or dead were examined for tissue cysts. After periods ranging from 5 to 12 weeks the surviving mice were bled and dye tests were performed; the brains of any that showed a serum conversion from negative to positive were examined to confirm the diagnosis.
Total white blood cell counts were also done on the blood from the chimpanzees.
Results
Chimpanzee Bonnie was used for the first experiment. Several specimens of sera taken before attempted infection had shown the presence of pre-existing antibodies to toxoplasma, titres of 250 in the dye test and of 16 to 32 in the complement fixation test being obtained. She was then fed about 1-5 million oocysts. Some of the actual oocyst suspension was also later force-fed to mice, all of which became sick or died after two to three weeks and tissue cysts were seen in their brains. Her faeces were examined for five weeks but no oocysts were seen, though numerous other protozoan cysts, and nematode ova and larvae, were found. These are common in chimpanzees and could not have come from the inoculum as this contained only toxoplasma oocysts. No isolations of toxoplasma were made from weekly blood samples taken over seven weeks, and neither in these samples nor in later ones, taken up to 16 weeks after attempted infection, was any antibody change measured by the BRITISH MEDICAL JOURNAL 15 MAY 1971 dye and complement fixaticn tests. There were no significant variations in the white blood cell counts and the animal remained well throughout. We assume that it had suffered a previous infection with toxoplasma and was immune to reinfection.
A different course of events was observed with Justine, in whose serum there were no pre-existing toxoplasma antibodies. She was fed a total of about 2 5 million oocysts in two doses on consecutive days; the first dose was a new preparation and the other was material remaining from the first experiment two months earlier. Tissue cysts were found in the brains of mice dead or sick two to three weeks after having been fed oocyst suspensions from both occasions. The chimpanzees faeces were examined for a period of six weeks but no toxoplasma oocysts were seen though, as in Bonnie, many other organisms were found. However, an isolation was made from blood taken one week after infection; two of four inoculated mice showed a dye test conversion to positive and tissue cysts were found in the brain of one of them. Weekly blood samples from Justine were tested for up to nine weeks after infection but no other isolations were made.
During the first week the animal appeared listless and off its food; there was no diarrhoea. Some temporary en!argement of the superficial lymph nodes was noticed about six weeks after infection, but there was no appreciable variation in the white blood cell counts over a period of 13 weeks. Retinoscopy at 11 weeks showed no evidence of chorioretinitis or other pathological changes in the eyes. Eleven weeks after the animal had received the oocysts biopsy specimens were taken of an inguinal lymph node and of muscle from the thigh, and a lumbar puncture was done to obtain cerebrospinal fluid. About 1 g of the node and muscle were separately ground up in isotonic saline and 025 ml of each suspension and a similar amount of cerebrospinal fluid was inoculated into three groups of five mice. The first two groups showed dye test conversions and tissue cysts were found in their brains, while the third group, which received cerebrospinal fluid, remained negative.
The serological findings in Justine are shown in Fig. 1 . The titres of the antibodies demonstrated by the dye and indirect fluorescent antibody tests started to rise one week after infection, when the isolation of toxoplasma from blood was made, and continued to rise steadily until plateaux of 6,250 and 4,096 respectively were reached by the 35th day. The first rise in complement fixation antibodies was detected on the 20th day. The dye and indirect fluorescent antibody test antibodies had similar titres throughout the observations, whereas the complement fixation antibodies ran parallel at a lower level. The serum of the first chimpanzee (Bonnie) gave positive dye and complement fixation tests before the administration of oocysts, and the subsequent serological reactions suggest that there was no response to the new infection. Premunition is thought to be the usual response to a previous infection with toxoplasma and such an animal would be resistant to challenge.
The serum of the second chimpanzee (Justine) gave negative antibody reactions before the experiment began and then converted to positive in a typical response later. In spite of the massive dose of oocysts the clinical reaction was slight and similar to the latent of mild form which the infection usually assumes in man. The failure of the animal to produce oocysts is again typical of what apparently happens in other animals (except cats) after infection either by cyst-infected meat or by oocysts (see Fig. 2 It might be thought that the inability of animals other than cats and various wild felines (Frenkel, 1970) to produce oocysts is due to their unsuitability as normal or biological hosts for T. gondii. The oocyst is the product of the sexual cycle and there are many examples in other sporozoan parasites, such as malaria, of the extinction of the sexual cycle in abnormal hosts, though the asexual cycle may be profuse. Some support is given to this theory by the course of the infection in the second chimpanzee. The sporozoites from the oocysts must have invaded the intestine and presumably have given rise to at least one cycle of schizogony in the mucosal cells. It is suggested that the merozoites of this generation, instead of continuing schizogony and gametogony in the intestine, invade the portal circulation or lymphatics to reach the lymphatic nodes (see Fig. 2 ). Here they enter mesodermal cells to produce pseudocysts after multiplication by endodyogeny. It is possible, however, that the sporozoites proceed directly to such a site. Smetana (1933) showed that the sporozoites of another coccidian parasite (Eimeria stiedae) travel directly from the duodenum via the blood stream to the bile ducts where they start their endogenous development; also Sheffield and Melton (1970) showed that sporozoites, freed from the oocysts of T. gondii, are capable of undergoing immediate asexual development in tissue cultures of monkey kidney cells. Lotze et al. (1964) reported the metastatic growth of the coccidian parasite Eimeria arloingi in the mesenteric lymph nodes 13 days after lambs and goats had received oocysts.
Our own observations showed, firstly, that the blcod of the chimpanzee contained T. gondii on the 7th day after ingestion of oocysts, and, secondly, that lymph nodes and muscle removed in the 11th week were also infective. We suggest therefore that the possible course of infection in man and other animals is invasion of the intestine by the sporozoites, followed either by a preliminary cycle of schizogony in the mucosa or by transport to the neighbouring lymph nodes where they multiply by endodyogeny into pseudocysts. If The presence of several species of Isospora in cats, in addidion to natural infections of T. gondii (Jacobs, 1967) , may give rise to confusion. Zaman (1970) compared the morphology of oocysts of toxoplasma with those of I. felis, I. rivolta, and the large type of I. bigemina, and it is clear that toxoplasma is different from these species of Isospora. But the oocysts of the small type of I. bigemina are similar to, if not identical with, oocysts of toxoplasma, and the possibility that they may be one and the same cannot be discounted on morphological grounds alone. Infections of cats with oocysts of the large type of L. bigemina have been shown by Owen (personal communication) to be accompanied by sera giving a negative dye test.
Patients, Materials, and Methods Sera were collected from three groups each of 43 patients, matched for sex and consisting of 20 males and 23 females. One group of patients had multiple sclerosis, another had various neurological disorders, and the third "control" group was composed of healthy individuals. The multiple sclerosis patients and the normal controls were also matched for age, to the nearest two years.
Four categories of multiple sclerosis were defined: category 1, probable multiple sclerosis, active, 27 patients; category 2, probable multiple sclerosis, chronic, six patients; category 3, possible multiple sclerosis, active, four patients; and category 4, possible multiple sclerosis, chronic, six patients. "Probable" refers to a typical history of relapses and remissions and/or evidence of more than one lesion in the central nervous system. "Possible" refers to the early stage of the disease or spastic paraparesis without other ascertainable cause. "Active" means that the disease is in relapse or in an active progressive phase. "Chronic" means that the condition remains unchanged.
The 43 patients suffering from other neurological diseases consisted of 16 patients who had Parkinsonism, 7 who had cerebrovascular disease, 7 who had motor neurone disease, 8 who had epilepsy, and the remaining 5 each had a different disease.
The normal control sera were taken from healthy individuals, including patients reporting with injuries at a casualty department.
The sera were coded so that the persons doing the tests did not know the origin of any serum. The multiple sclerosis sera were stored at minus 200C for periods of up to three years. All other sera were stored for two months before testing. Following the preliminary survey four selected patients from the multiple sclerosis group were bled again for confirmatory tests.
A 1 in 5 dilution of patient's serum, heated at 60°C for 30 minutes to remove non-specific reactants and adsorbed once with appropriate cells, was tested by the indirect immunofluorescent techniques and controls already described (Haire and Hadden, 1970) 
